The formation of heavy fermion bands can occur by means of the conversion of a periodic array of local moments into itinerant electrons via the Kondo effect and the huge consequent Fermi-liquid renormalizations. Leggett predicted for liquid 3 He that Fermi-liquid renormalizations change in the superconducting state, leading to a temperature dependence of the London penetration depth Λ quite different from that in the BCS theory. Using Leggett's theory, as modified for heavy fermions, it is possible to extract from the measured temperature dependence of Λ in high quality samples both Landau parameters F s 0 and F s 1 ; this has never been accomplished before. A modification of the temperature dependence of the specific heat C el , related to that of Λ, is also expected. We have carefully determined the magnitude and temperature dependence of Λ in CeCoIn 5 by muon spin relaxation rate measurements to obtain F s 0 = 36 ± 1 and F s 1 = 1.2 ± 0.3, and find a consistent change in the temperature dependence of electronic specific heat C el . This, the first determination of F s 1 with a value ≪ F s 0 in a heavy fermion compound, tests the basic assumption of the theory of heavy fermions, that the frequency dependence of the self-energy is much more important than its momentum dependence. A major development in condensed-matter physics over the last 35 years has been the discovery and investigation of heavy-fermion compounds and the unconventional superconductivity they exhibit [1, 2] . For this class of systems, based on rare-earth and actinide elements (i.e., elements with partially filled 4f or 5f electron shells), the attribute "heavy" is often associated with the Kondo effect (reflecting the correlation between localized f moments and conduction electrons) which leads to strong renormalization of the effective mass of the electron at low temperatures.
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Heavy-fermion compounds behave like a system of heavy itinerant electrons, the properties of which can be described in the framework of a Landau Fermi-liquid formalism.
Leggett [3] predicted for liquid 3 He that Fermi-liquid renormalizations change in the superconducting state, leading to temperature dependences of physically observable quantities, e.g., the
London penetration depth Λ, quite different from those in the BCS theory. For T → T c , Λ is renormalized from its value in the BCS theory by the effective mass, but for T → 0, where there are no thermally excited quasiparticles, Λ retains the BCS value. A modification of the temperature dependence of the electronic specific heat C el related to that of Λ is also expected.
Unlike liquid 3 He, heavy fermions are two-component systems in which Landau renormalization, which relies on Galilean invariance, does not work. In heavy-fermion systems the effective mass is primarily determined by the "compressibility renormalization coefficient" F only a correction to it [4] . Then Leggett's change of renormalization on entering the superconducting state, which only depends on F s 1 , is modified. Using Leggett's theory, as modified for heavy-fermions [5] , it is possible to extract both the Landau parameters F Transverse-field µSR (TF-µSR) has been used extensively to study the vortex state of type-II superconductors [7, 8] . is proportional to Λ −2 (T ), the properties of which we discuss after presenting the experimental results.
Representative TF-µSR muon-spin precession signals at an applied field of 30 mT are shown in Fig. 1 in the normal and superconducting states of CeCoIn 5 . The µSR asymmetry spectrum consists of two contributions: a signal from muons that stop in the sample, and a slowly-relaxing background signal from muons that stop in the silver sample holder. As seen in Fig. 1 , in the superconducting state the damping of the signal is enhanced at early times due to the field broadening generated by the FLL. For times longer than ∼6 µs in the normal state and ∼4 µs in the superconducting state, only the background signal persists.
The µSR asymmetry spectra in CeCoIn 5 are well described by the fitting function
where A 0 is the initial asymmetry of the signal and f s denotes the fraction of muons stopping in the sample. The Gaussian relaxation rate σ s from the sample is due to nuclear dipolar fields in the normal state, and is enhanced in the superconducting state by the FLL field inhomogeneity. The precession frequency ω s is reduced due to diamagnetic screening. The background relaxation rate σ b is negligibly small, and the initial phase φ and background frequency ω b are constant. The curves in Fig. 1 are fits of Eq. (1) to the data.
The temperature dependence of σ s for CeCoIn 5 is shown in Fig. 2 . Salient features of these data are the temperature independence of σ s above the transition temperature T c , and the increase of σ s with decreasing temperature below T c . This result indicates that bulk superconductivity occurs below T c , consistent with electrical resistivity and specific heat measurements [10, 11] .
The internal field distribution in the vortex state is the convolution of the field distributions due to the vortex lattice and the nuclear dipolar field distribution of the host material, leading to
dip is temperature-independent in the normal state, and is not expected to change in the superconducting state. After determining σ 2 dip = 0.33µs −1 from the normal-state data, we concentrate on σ FLL and its relation to Λ.
The temperature dependence of σ FLL can be fit with
with the fitting parameters σ FLL (0) = 0.65(2)µs −1 , T c = 2.27(2)K, and n = 2.4(2). The value of T c is consistent with transport measurements [10, 11] . In an isotropic extreme type-II superconductor, the second moment (∆B) 2 is approximately given by (∆B) [12] , where Φ 0 is the flux quantum. The penetration depth Λ(0) is then obtained from σ FLL (0) to be 406(12) nm [13] .
The London penetration depth is related to the superfluid density ρ s (T ) by
where m d is the dynamical mass, defined as the ratio between the carriers' momentum and velocity, in the limit T → 0. In the pure limit and for a single band, Λ −2 may be written in terms of its value at T → 0, which is the pure diamagnetic contribution, and the paramagnetic temperaturedependent contribution K(T ) due to the depletion of the condensate by the thermal excitation of quasiparticles. Leggett pointed out that the latter is renormalized by the Landau parameter F s 1 such that
where N is the carrier density,
and Y (T ) is the Yosida function
here N(ǫ F ) is the density of states at the Fermi energy and f (E k ) is the usual Fermi distribution function. Leggett's theory is formulated for a Galilean invariant system such as liquid 3 
The basic assumption behind this relationship and the strong Landau-parameter inequality
for ℓ 1 is that for heavy fermions the frequency dependence of the self-energy is much more important than the momentum dependence [4, 5] . This assumption also underlies the theory of heavy fermions through various theoretical advances, such as slave boson methods [14] and dynamical mean-field theory [15] . We will see below how these assumptions are tested by the experimental results presented here.
In a multi-band situation, one should in principle have instead of the factor N/m d the sum of contributions from all the bands, but since F s 0 ≫ 1 for heavy fermions, the heavy band contribution dominates in the determination of Λ (and C el ), and to a good approximation only the heavy bands need to be considered. This is not observed in the experiments; the best fit to the data yields an exponent of 2.4 ± 0.2 ).
Before proceeding further, we ascertain that CeCoIn 5 is indeed in the pure limit [18, [23] [24] [25] ;
i.e., the mean-free path is much larger than the superconducting coherence length, which is determined by the superconducting gap and the renormalized Fermi velocity to be about 5 nm [25] . For the sample of CeCoIn 5 studied in our experiments, the extrapolated normal state resistivity is only a few µΩ·cm [11] , which gives a mean free path of more than 50 nm.
Using Eqs. (5) and (6), we can write Independent confirmation of these results is obtained by comparing the predictions for the specific heat with measurements of the electronic specific heat C el (T ) [11] . It is hard to calculate the absolute value of C el . From de Haas-van Alphen measurements [17, 28] , we obtain C el /T ∼ 148 mJ/mol K 2 , compared with the experimental value of ∼300 mJ/mol K 2 at T = T c [10, 11] . Considering the simplified band assumption, this may be regarded as successful.
Finally, we consider the change of C el (T ) due to the Leggett renormalizations. An approximate T 3 dependence is observed [10, 11, 18, 20, 22, 29] 
This is tested by fits of C el (T )/T from Eq. (10) (plus small offsets [30] ) to the data [11] for 
